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nal	used	for	dating	 is	 the	 IRSL	signal	 (measured	at	50°C)	as	part	of	a	post-IR	 IRSL130	proce-33	
dure.	We	demonstrate	that	this	IRSL50	(pre-IR130)	signal	results	in	reliable	ages	when	correct-34	
ed	for	fading,	and	the	post-IR	 IRSL130	stimulation	functions	as	an	optical	wash	for	both	the	35	













The	 Indian	Ocean	 Tsunami	 in	 2004	 and	 the	 Tōhoku-oki	 Tsunami	 in	 2011	 caused	 dramatic	49	
damage	 to	 coastal	 settlements	 and	 thousands	 of	 casualties,	 drawing	 the	 attention	 of	 the	50	






communities,	 are	 also	 the	 focus	 of	 research	 due	 to	 recent	 disasters	 like	 Typhoon	Haiyan,	55	
which	hit	the	Philippine	coast	in	2013	(e.g.	Brill	et	al.,	2016;	Pilarczyk	et	al.,	2016;	Soria	et	al.,	56	
2017).	 Studies	 observing	 proxies	 and	 characteristics	 of	 extreme	wave	 event	 deposits	 con-57	





The	 Shirasuka	 lowlands	 in	 central	 Japan	 record	 evidence	 for	 numerous	 extreme	 wave	63	
events,	as	previously	demonstrated	by	Fujiwara	et	al.	(2006),	Komatsubara	et	al.	(2008)	and	64	






such	as	chronicles	 (e.g.	Nihon	Shoki),	 reports,	and	governmental	 records	 (e.g.	Ando,	1975;	71	
Usami,	 1979;	 Ishibashi,	 2004;	 Goff	 et	 al.,	 2016).	 However,	 there	 are	 several	 issues	 which	72	







ent	 core	 records;	 (2)	 the	 lack	 of	material	 appropriate	 for	 radiocarbon	dating	often	means	78	
that	this	method	cannot	always	be	used	to	determine	ages	where	they	are	needed;	(3)	even	79	
where	material	suitable	for	radiocarbon	dating	exists,	a	plateau	in	the	radiocarbon	calibra-80	








ously	 been	 explored	 in	 a	 range	 of	 extreme	wave	 event	 settings	 (Huntley	&	 Clague,	 1996;	89	
Murari	et	al.,	2007;	Cunha	et	al.,	2010;	Brill	et	al.,	2012a,	b;	Prendergast	et	al.,	2012;	Spiske	90	
et	al.,	2013;	Tamura	et	al.,	2015),	issues	still	persist.	Firstly,	incomplete	resetting	of	the	lumi-91	
nescence	 signal	 during	 tsunami	 or	 storm	 surge	 transport,	 prior	 to	 deposition	 of	 the	 sedi-92	
ments,	needs	 to	be	considered	 (e.g.	Madsen	&	Murray,	2009).	The	 fast	 component	of	 the	93	
OSL	signal	from	quartz	bleaches	more	rapidly	than	any	other	luminescence	signal	routinely	94	




et	 al.,	 2003;	 Kondo	 et	 al.,	 2007;	 Steffen	 et	 al.,	 2009;	 Neudorf	 et	 al.,	 2015;	 Tamura	 et	 al.,	99	
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2015).	Thus,	OSL	of	 feldspars	may	provide	a	useful	alternative	chronometer	 if	 they	can	be	100	





ing	 (Wintle,	 1973),	 which	 can	 result	 in	 age	 under-estimations.	 Low-temperature	 post-106	
infrared	infrared	stimulated	luminescence	(post-IR	IRSL)	dating	offers	a	promising	approach	107	
for	dating	young	deposits	using	feldspars	(e.g.	Madsen	et	al.,	2011;	Reimann	&	Tsukamoto,	108	
2012),	 since	 it	may	minimise	 anomalous	 fading	whilst	 still	 accessing	 signals	 that	 are	 ade-109	
quately	bleached	 for	dating	 (Kars	et	 al.,	 2014).	However,	 it	 should	be	noted	 that	previous	110	
applications	were	to	dune	and	beach	deposits,	where	the	opportunity	for	exposure	to	day-111	




















Sandwiched	 between	 a	 ~60–80	m	 high	 mid-Pleistocene	 terrace	 and	 a	 ~10	m	 high	 coastal	130	
dune	 (height	artificially	 increased	 in	 the	early	21st	 century,	because	of	 the	 construction	of	131	
the	Shiomi	By-pass	of	Japan	National	Route	1),	the	marshy	coastal	lowlands	of	Shirasuka	are	132	
ideally	situated	to	record	evidence	of	typhoons	and	tsunamis	(Fig.	1b).	Sediment	cores	from	133	
















Two	 overlapping	 sediment	 cores	 taken	 ~0.5	m	 apart	 (JSH1b/full,	 JSH1/overlap;	 Figs.	 1,	 2)	148	
were	recovered	by	vibra	coring	 (Atlas	Copco	Cobra	TT)	using	closed	steel	auger	heads	and	149	


















peroxide	 (H2O2;	 10	%)	 and	 sodium	 oxalate	 (Na2C2O4;	 0.01	 N)	 were	 used	 to	 remove	 car-168	
bonates,	organic	matter	and	to	disperse	the	particles.	Samples	were	dry	sieved	to	separate	169	





















stored	 in	 an	airtight	box	 for	 at	 least	 four	weeks	 to	 compensate	 for	 radon	 loss	 induced	by	189	
sample	preparation,	before	measurement	with	an	Ortec	Profile	M-Series	GEM	Coaxial	P-type	190	








was	 analysed	 on	 a	 Risø	 GM-25-5	 beta	 counter.	 An	 average	 internal	 K-content	 of	 6.44	 ±	197	
1.05	%	was	measured	(Table	1)	but	a	K-content	of	10	±	2	%	was	used	to	calculate	the	dose	198	




The	 stratigraphy	of	 the	 Shirasuka	 lowlands	 is	 complex	 and	 shows	 abrupt	 changes	 in	 grain	203	
size,	which	may	cause	variations	in	the	gamma	dose	rate.	Layer-to-layer	variations	in	gamma	204	




tent.	 Conversion	 factors	 for	 gamma	 and	 beta	 dose	 rates	 are	 based	 on	 Adamiec	&	 Aitken	209	
(1998).	Alpha	and	beta	grain	size	attenuation	factors	of	Bell	(1980)	and	Guerin	et	al.	(2012,	210	
for	feldspars),	respectively,	were	applied.	Alpha	efficiency	was	determined	for	samples	JSH1-211	
4	 and	 JSH1-10,	 and	 gave	 values	 of	 0.072	±	0.003	 for	 the	 IRSL50	 (pre-IR130)	 signal,	 and	212	














and	 detected	 through	 a	 D410/30x	 LOT	 interference	 filter.	 Single-grain	 equivalent	 dose	225	
















cannot	be	obtained	 for	quartz	OSL	dating	 (see	Supplementary	 Information).	Measurement	242	
11	
	




SAR	 protocol	 (Wallinga	 et	 al.,	 2000)	 was	 investigated,	 because	whilst	 the	 signal	 does	 not	247	
bleach	 as	 quickly	 as	 quartz,	 it	 does	 still	 bleach	 relatively	 quickly	 compared	 to	many	other	248	
feldspar	 signals	obtained	using	higher	 stimulation	 temperatures	 (e.g.	Buylaert	et	al.,	2012;	249	
Colarossi	 et	 al.,	 2015).	 Secondly,	 a	 low-temperature	 post-IR	 IRSL	 protocol	 (Madsen	 et	 al.,	250	









cycle,	 it	made	difference	to	our	De	or	 to	our	 recuperation	values	measured	 from	multiple-260	
grain	aliquots	using	both	the	IRSL50	(pre-IR130)	and	the	post-IR	IRSL130	signal.	For	this	reason,	261	















the	test	dose	signal	 (Tx)	preheat	conditions	are	 the	same	as	 the	preheat	conditions	of	 the	275	
natural	and	regenerative	dose	signal	(Lx)	(Blair	et	al.	2005).		276	
	277	
The	 preheat	 plateau	 (Fig.	 3a)	 shows	 no	 dependence	 of	 IRSL50	 De	 upon	 thermal	 pre-278	
treatment,	in	accordance	with	the	findings	of	Murray	et	al.	(2009).	Recuperation	(expressed	279	
in	Gy)	increases	with	increasing	preheat	temperature	(Fig	3b),	with	the	lowest	value	(0.11	±	280	
0.01	Gy,	 n	=	3)	 being	 observed	 following	 a	 preheat	 at	 190	 °C.	 The	 lowest	 tested	 preheat	281	










formance	 tests	 (recycling	 ratio,	 test	dose	error,	and	dose-recovery	 test	within	10	%	uncer-290	
tainties),	and	the	residual	dose	remaining	after	24	hours	of	bleaching	in	the	SOL2	solar	simu-291	




For	 the	 second	 approach,	 tests	 on	 the	 suitability	 of	 different	 temperatures	 in	 the	 post-IR	296	
IRSL	 protocol	 (Table	 2b)	 followed	 the	 same	 procedure	 as	 described	 in	 section	 4.1	 for	 the	297	




All	preheats	were	held	 for	10	s	and	were	 followed	by	post-IR	 IRSL	measurements	made	at	302	
elevated	temperatures	that	tracked	the	preheat	temperature	by	-30	°C	(termed	the	post-IR	303	
IRSLelev	signal).	The	duration	of	the	preheat	was	chosen	based	on	the	protocol	proposed	by	304	

















1σ	 uncertainties	 for	 preheat	 temperatures	 of	 up	 to	 160	°C	 (Fig	 4d).	 For	 preheat	 tempera-320	
tures	≥	180	°C	 (Fig.	4c),	 the	residual	dose	measured	 following	24	hours	of	bleaching	 in	 the	321	
SOL2	solar	simulator	increases	with	increasing	preheat	temperature.	Taking	the	signal	inten-322	
sity,	 relative	bleachability	 of	 signals	 (inferred	 from	 the	 residual	 dose	 values),	 recuperation	323	




2a)	and	the	 IRSL50	(pre-IR130)	signal	 (protocol	given	 in	Table	2b)	that	might	make	one	more	328	
suitable	 for	dating	 than	 the	other?	Despite	different	preheat	 temperatures	 (i.e.	 190	°C	 for	329	
the	IRSL50	protocol	compared	to	160	°C	for	the	IRSL50	(pre-IR130)	signal),	the	IRSL50	lumines-330	
cence	signals	measured	within	the	post-IR	 IRSL130	protocol	are	similar	 to	the	signals	of	 the	331	
IRSL50	 protocol.	 Both	 signals	 are	 bright	 (1	mm	 aliquots	 yield	 several	 thousand	 counts	 per	332	
0.8	s,	 e.g.	 Figs.	 3c	 and	 4e),	 and	 fading	 is	 identical	 within	 uncertainties	 (g2days	 values	 of	333	
2.92	±	1.26	[n	=	3,	sample	JSH1-6]	and	3.24	±	1.26	%/decade	[n	=	3,	JSH1-10]	were	measured	334	
for	 the	 IRSL50	 signal	 of	 two	 samples,	 and	 values	 for	 the	 IRSL50	 (pre-IR130)	 signal	 varied	be-335	




amined	 samples	 (n	 =	 10).	 Measured	 residuals	 after	 24	 hours	 of	 bleaching	 in	 a	 SOL2	 are	338	


































selected	 for	 equivalent	 dose	 determination.	 This	 decision	 is	 primarily	 based	 on	 the	 im-371	






ing	 the	 IRSL50	 (pre-IR130)	 signal.	 In	 contrast	much	higher	 values	 are	 seen	using	 the	post-IR	378	
IRSL130	 signal	 (0.8	±	0.02	 Gy,	 wet	 beach	 sample;	 1.28	±	0.21	Gy,	 dry	 beach	 sample).	 These	379	



















Dose	 recovery	 experiments	 using	 single-grain	 measurements	 were	 undertaken	 on	 three	397	
samples	 (JSH1-4,	 -6	and	 -10).	 The	post-IR	 IRSL130	protocol	described	 in	Table	2c	was	used,	398	
and	data	for	the	IRSL50	(pre-IR130)	signal	used	for	analysis.	Grains	were	bleached	in	the	SOL2	399	





acceptance	criteria	of	1.00	±	0.10.	This	dose	 recovery	experiment	shows	 that	 the	protocol	405	
used	for	these	IRSL50	(pre-IR130)	measurements	(Table	2c)	is	effective	at	recovering	a	known	406	
laboratory	 dose.	 In	 all	 cases	 the	 dose	 recovery	 data	 were	 overdispersed	 (JSH1-4:	 10.2%;	407	
18	
	













the	 samples,	 there	 are	 a	 small	 number	 of	 grains	which	 give	 slightly	 larger	De	 values	 com-421	
pared	to	the	overall	distribution	(e.g.	Fig.	6c)	and	two	samples	(JSH1-2	and	JSH1-20)	where	422	
the	range	of	De	values	 is	much	greater	(Fig.	6d)	and	where	De	values	of	many	tens	of	Gray	423	










two	samples	have	higher	overdispersion	 than	would	be	expected	 for	 their	De,	and	are	 the	432	
samples,	which	exhibit	 a	 clear	 tail	 of	 grains	with	much	higher	De	 values	 (e.g.	 Fig.	 6d).	 The	433	







by	45	%	of	 the	De	 value.	 This	 is	higher	 than	 the	OD	value	of	20	%	 typically	 expected	 from	441	
well-bleached	 single	 grains	 of	 quartz	 (Arnold	&	 Roberts,	 2009),	 but	 there	 is	 little	 feldspar	442	
single	grain	data	with	which	to	compare	these	results.	The	single	grain	dose	recovery	exper-443	
iments	yielded	overdispersion	values	between	10	and	19	%,	and	so	OD	values	from	samples	444	
irradiated	 in	 nature	 would	 be	 expected	 to	 be	 at	 least	 this	 magnitude.	 In	 addition	 to	 the	445	
sources	of	overdispersion	that	affect	quartz,	single	grains	of	feldspar	may	have	variable	rates	446	
of	anomalous	fading,	or	different	K	concentrations	 leading	to	variable	 internal	doses.	Neu-447	
dorf	et	al.	 (2012)	observed	high	overdispersion	(~38–47	%)	 in	their	single	grain	 feldspar	De	448	
values,	a	subset	of	which	were	corrected	for	grain-specific	fading	rates,	but	could	not	cate-449	
















logged	MAM	 requires	 that	 sigma-b	 (the	 overdispersion	 of	 aliquots	 or	 single	 grains	 which	464	








converged	 (typically	within	 2	 iterations)	 to	 stable	 values	 for	 the	De	 and	OD	 (Table	 3).	 For	473	
most	samples	this	process	resulted	in	the	inclusion	of	more	than	95	%	of	the	De	values	(Table	474	
3),	excluding	a	small	number	of	very	high	De	values,	and	hence	confirming	that	most	samples	475	
were	homogeneously	bleached.	 For	 the	 two	 youngest	 samples	 (JSH-MOD3	and	–MOD4)	 a	476	











Figure	8	 shows	 the	 fading-corrected	 IRSL50	 (pre-IR130)	 ages	determined	 for	 the	10	 samples	486	
collected	from	two	adjacent	cores	in	the	Shirasuka	lowlands;	the	equivalent	dose	(De)	values	487	
underpinning	all	of	these	IRSL50	(pre-IR130)	ages	were	obtained	using	a	single	method	of	De	488	
distribution	analysis,	 as	outlined	above	 (section	5).	All	data	were	corrected	 for	anomalous	489	





















A	second	comparison	 is	 for	sample	JSH1-2	at	a	depth	of	47–53	cm,	which	 is	thought	to	be	509	
related	 to	a	 landslide	 from	the	 terrace	 immediately	behind	 the	coring	 site	arising	 from	an	510	
intense	earthquake	 in	AD	1944.	The	 landslide	 is	 recorded	on	aerial	photography	of	 the	re-511	
gion	in	AD	1947	(Garrett	et	al.,	accepted).	The	IRSL50	(pre-IR130)	age	of	AD	1950	(±	8	a)	would	512	




0.02	Gy	 for	 JSH–MOD4,	Table	3)	 implies	 that	when	using	 the	 IRSL50	 (pre-IR130)	 signal	 from	517	






dates	 published	by	Komatsubara	 et	 al.	 (2008)	 and	 Fujiwara	 et	 al.	 (2006)	 constrain	 the	 ex-524	












generated	 (Fig.	8).	The	 lowermost	 sand	unit	 in	 JSH1b/full	 (Fig.	2	and	Fig.	8)	 is	 radiocarbon	535	
dated	 to	AD	1040–1262	and	 is	 identified	as	 the	 former	beach	 (Garrett	et	al.,	 accepted).	A	536	
minimum	age	for	sand	unit	4	in	JSH1b/full	 is	given	by	the	radiocarbon	age	(AD	1282–1399;	537	
sampled	in	sediment	core	JSH1b/full,	see	Fig.	8)	of	plant	macrofossils	(Garrett	et	al.	accept-538	























with	 the	Meiō	 tsunami	 on	 the	basis	 of	 radiocarbon	dating	of	 their	 core	 (Fig.	 8;	 AD	1390–560	
1500;	Komatsubara	et	al.	2008),	taken	~20	m	away	from	the	cores	in	this	study.	Inundation	561	
of	the	Enshu-nada	coastline	by	the	Meiō	tsunami	has	already	been	demonstrated	(e.g.	Fuji-562	





JSH1/overlap).	The	three	 luminescence	ages	obtained	 (AD	1610	 (±	44	a),	AD	1577	 (±	64	a)	568	
and	AD	1614	(±	39	a),	respectively)	are	tightly	clustered,	and	can	be	correlated	with	unit	C	of	569	
Komatsubara	 et	 al.	 (2008),	 which	 they	 associated	 with	 the	 AD	 1605	 Keichō	 tsunami.	 The	570	
three	luminescence	ages	provide	a	much	more	precise	association	with	this	event	than	the	571	
















to	have	crossed	the	Pacific	and	 inundated	parts	of	 the	Japanese	coastline	 (e.g.	Sendai	and	586	





that	 affected	 this	 region.	 Although	 this	 AD	1944	 earthquake	 caused	 a	 tsunami,	 its	 wave	592	
height	(~0.9	m)	was	too	small	to	overwash	the	coastal	dune.	Komatsubara	et	al.	(2008)	used	593	
radiocarbon	dating	to	constrain	their	Unit	G	with	which	this	correlates,	describing	it	as	being	594	
derived	 from	 terrace	material,	 but	 a	 radiocarbon	plateau	 at	 this	 time	meant	 that	 the	 age	595	

















gle	 grain	 distributions	 were	 surprisingly	 well-bleached,	 given	 the	 expectation	 that	 these	611	
were	taken	from	extreme	wave	event	deposits.	Nevertheless,	each	sample	contained	a	small	612	
proportion	of	grains	with	 larger-than-expected	De	values,	and	for	each	sample	the	overdis-613	
persion	 values	 typically	 scaled	with	 the	 De	 value.	 The	 unlogged	minimum	 age	model	was	614	
therefore	applied	to	the	De	data	from	these	young	sediments,	using	a	novel	iterative	method	615	



















event	 units	 more	 precisely	 than	 the	 radiocarbon	 dating,	 due	 to	 plateau	 within	 the	 14C-633	
calibration	 curve	 around	 the	 time	of	 interest.	 This	 study	 highlights	 the	 great	 potential	 for	634	
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1	 Regenerative	dose	 	2	 Preheat	at	190°C	for	10	s	 	3	 IRSL	Measurement	(diodes)	at	50	°C	for	200	s	 Lx	
4	 Test	dose	 	5	 Preheat	at	190°C	for	10	s	 	6	 IRSL	Measurement	(diodes)	at	50	°C	for	200	s	 Tx	
	   
   
	886	
(b)	Post-IR	IRSL	-	MG	887	
Step Treatment Observed 
1	 Regenerative	dose	 	2	 Preheat	at	160°C	for	10	s	 	3	 IRSL	Measurement	(diodes)	at	50	°C	for	200	s	 Lx1	
4	 IRSL	Measurement	(diodes)	at	130	°C	for	200	s	 Lx2	
5	 Test	dose	 	6	 Preheat	at	160°C	for	10	s	 	7	 IRSL	Measurement	(diodes)	at	50	°C	for	200	s	 Tx1	
8	 IRSL	Measurement	(diodes)	at	130	°C	for	200	s	 Tx2	
	   
   
	888	
(c)	Post-IR	IRSL	-	SG	889	
Step Treatment Observed 
1	 Regenerative	dose	 	2	 Preheat	at	160°C	for	10	s	 	3	 IRSL	Measurement	(laser)	at	50	°C	for	2	s	 Lx1		
4	 IRSL	Measurement	(laser)	at	130	°C	for	2	s	 Lx2	
5	 Test	dose	 	6	 Preheat	at	160°C	for	10	s	 	7	 IRSL	Measurement	(laser)	at	50	°C	for	2	s	 Tx1	
8	 IRSL	Measurement	(laser)	at	130	°C	for	2	s	 Tx2	


















JSH-MOD3	 249	 0.11	±	0.01	 0.17	 0.13	 0.09	 0.03	±	0.01	 0.64	
JSH-MOD4	 198	 0.18	±	0.02	 0.23	 0.16	 0.13	 0.12	±	0.02	 0.89	
JSH1-2	 240	 1.14	±	0.25	 3.81	 0.59	 0.17	 0.21	±	0.02	 0.84	
JSH1-4	 171	 0.90	±	0.04	 0.52	 0.48	 0.45	 0.82	±	0.04	 0.96	
JSH1-6	 110	 1.47	±	0.06	 0.63	 0.74	 0.74	 1.47	±	0.18	 1.00	
JSH1-7	 107	 1.34	±	0.07	 0.65	 0.68	 0.67	 1.30	±	0.07	 0.98	
JSH1-9	 90	 1.16	±	0.05	 0.41	 0.60	 0.60	 1.17	±	0.10	 1.00	
JSH1-10	 85	 1.52	±	0.10	 0.88	 0.77	 0.68	 1.37	±	0.09	 0.95	
JSH1-13	 114	 1.59	±	0.08	 0.75	 0.80	 0.75	 1.51	±	0.08	 0.97	
JSH1-16	 130	 1.57	±	0.07	 0.70	 0.79	 0.76	 1.50	±	0.07	 0.98	
JSH1-18	 111	 2.01	±	0.12	 1.20	 0.99	 0.87	 1.76	±	0.09	 0.94	
JSH1-20	 104	 2.19	±	0.27	 2.70	 1.07	 0.86	 1.74	±	0.09	 0.96	



























JSH1-2	 2.72	±	1.24	 0.21	±	0.02	 3.83	±	0.31	 65	±	8	 1950	±	8	
JSH1-4	 2.52	±	1.24	 0.82	±	0.04	 3.92	±	0.27	 252	±	23	 1763	±	23	
JSH1-6	 3.09	±	1.31	 1.47	±	0.18	 4.06	±	0.33	 438	±	64	 1577	±	64	
JSH1-7	 2.07	±	1.27	 1.30	±	0.07	 3.91	±	0.30	 401	±	39	 1614	±	39	
JSH1-9	 2.84	±	1.25	 1.17	±	0.10	 3.82	±	0.26	 367	±	42	 1648	±	42	
JSH1-10	 3.17	±	1.26	 1.37	±	0.09	 4.06	±	0.34	 405	±	44	 1610	±	44	
JSH1-13	 1.84	±	1.23	 1.51	±	0.08	 3.65	±	0.31	 500	±	50	 1515	±	50	
JSH1-16	 1.91	±	1.24	 1.50	±	0.07	 2.80	±	0.26	 651	±	72	 1364	±	72	
JSH1-18	 1.86	±	1.23	 1.76	±	0.09	 2.95	±	0.27	 724	±	78	 1291	±	78	
JSH1-20	 2.76	±	1.25	 1.74	±	0.09	 3.37	±	0.29	 625	±	64	 1390	±	64	


































































Quartz	 luminescence	 measurements	 were	 performed	 on	 a	 Risø	 TL/OSL	 DA	 20	 reader	965	
equipped	with	 a	 90Sr/90Y	 beta	 source	delivering	 ~0.0837	Gy/s	 at	 the	 sample	 position,	 blue	966	
LEDs	(470Δ20	nm)	and	a	Hoya	U340	filter	(7.5	mm)	at	the	Cologne	Luminescence	Lab	(CLL).	967	
The	measurement	procedure	 followed	 the	 single-aliquot	 regenerative	dose	 (SAR)	 protocol	968	
(Murray	 &	 Wintle,	 2003).	 Aliquots	 were	 preheated	 to	 180	°C	 for	 10	s	 and	 stimulated	 at	969	
125	°C	 for	 40	s	 for	 Lx	 determination.	 Tx	 was	 determined	 by	 heating	 to	 a	 temperature	 of	970	





X-ray	diffraction	was	performed	 for	 etched	quartz	 grains	of	 selected	 samples	 to	 check	 for	976	
feldspar	contamination.	For	this,	etched	quartz	grains	were	ground	to	a	homogenous	pow-977	
der	 and	mounted	on	PVC	 slides.	A	 Powder	 X-Ray	Diffractometer	 (Siemens	D	5000)	with	 a	978	



























dose	was	measured	 on	 a	 Risø	 TL/OSL	DA	20	 reader	with	 a	 90Sr/90Y	 beta	 source	 delivering	1004	
~0.076	Gy/s.	1005	







to	 0.079	 ±	 0.001	 for	 the	 IRSL50	 and	 from	 0.104	 ±	 0.002	 to	 0.118	 ±	 0.002	 for	 the	 post-IR	1011	
IRSL225.	The	difference	between	the	a-value	for	the	post-IR	IRSL130	signal	(this	study)	and	the	1012	
a-value	for	the	post-IRIRSL225	signal	(Kreutzer	et	al.,	2014)	might	be	caused	by	the	tempera-1013	
ture	difference	of	the	preheat	and	the	post-IR	IRSL	stimulation.		1014	
	1015	
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	 D
osim
etry	
Sam
ple	ID
	
Sedim
ent	
core	
D
epth	below
	
surface	(cm
)	
Related	O
SL	sam
ple	
U
	(ppm
)	
Th	(ppm
)	
K	(%
)	
W
ater	content	(m
eas.	%
)	
1Dn	
JSH1b-full	
41	±	2	
JSH1-2	
2.05	±	0.12	
22.05	±	1.28	
1.54	±	0.02	
19.50	
2Dn	
JSH1b-full	
50	±	3	
JSH1-2	
2.30	±	0.40	
18.20	±	1.20	
1.72	±	0.13	
13.90	
3Dn	
JSH1b-full	
58	±	2	
JSH1-2,	JSH1-4	
2.29	±	0.12	
25.87	±	1.50	
1.69	±	0.02	
28.80	
4Dn	
JSH1-O
L	
81	±	4	
JSH1-4	
2.25	±	0.14	
25.38	±	1.48	
1.57	±	0.02	
28.20	
5Dn	
JSH1-O
L	
90	±	3	
JSH1-6	
2.17	±	0.12	
30.59	±	1.76	
1.55	±	0.02	
19.90	
6Dn7Dn	
JSH1-O
L	
115	±	3	
JSH1-6,	JSH1-7	
2.70	±	0.40	
32.60	±	2.00	
1.57	±	0.13	
26.00	
8Dn	
JSH1-O
L	
145	±	2	
JSH1-7	
2.25	±	0.14	
27.07	±	1.57	
1.54	±	0.02	
74.50	
9Dn	
JSH1b-full	
135	±	2	
JSH1-9,	JSH1-10	
2.14	±	0.13	
31.22	±	1.8	
1.47	±	0.02	
34.60	
10Dn	
JSH1b-full	
145	±	2	
JSH1-9,	JSH1-10	
2.80	±	0.50	
31.30	±	2.10	
1.54	±	0.12	
19.50	
11Dn12Dn	
JSH1b-full	
178	±	2	
JSH1-9,	JSH1-10,	
JSH1-13	
2.25	±	0.14	
25.38	±	1.48	
1.57	±	0.02	
61.80	
13Dn	
JSH1b-full	
190	±	5	
JSH1-13	
2.11	±	0.12	
32.54	±	1.87	
1.42	±	0.02	
19.10	
14Dn15Dn	
JSH1-O
L	
192	±	2	
JSH1-13,	JSH1-16	
2.28	±	0.14	
25.78	±	1.50	
1.57	±	0.02	
71.50	
16Dn	
JSH1-O
L	
217	±	2	
JSH1-16	
1.20	±	0.30	
17.00	±	1.10	
1.34	±	0.18	
24.90	
17Dn	
JSH1-O
L	
230	±	2	
JSH1-16,	JSH1-18	
1.80	±	0.40	
19.70	±	1.30	
1.47	±	0.11	
105.00	
18Dn	
JSH1-O
L	
240	±	5	
JSH1-18	
1.54	±	0.29	
19.70	±	1.30	
1.47	±	0.11	
18.90	
19Dn	
JSH1b-full	
260	±	2	
JSH1-20	
2.30	±	0.40	
16.30	±	1.10	
1.38	±	0.12	
127.20	
20Dn	
JSH1b-full	
272	±	5	
JSh1-20	
2.20	±	0.40	
20.70	±	1.30	
1.57	±	0.12	
19.10	
21Dn	
JSH1b-full	
145	±	2	
JSH1-18,	JSH1-20	
2.24	±	0.13	
19.48	1.140	
1.71	±	0.02	
59.30	
		Table	S1:	Results	of	gam
m
a	spectrom
etry	and	w
ater	content	determ
ination.	
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Figure	caption:	1026	
Fig.	S1:	Response	of	quartz	to	different	stimulation	wavelength	and	mineralogical	investiga-1027	
tions.	a)	X-ray	diffractogram	of	etched	quartz	grains,	b)	response	of	etched	coarse	grain	1028	
quartz	to	blue	and	IR	stimulation	using	diodes,	c)	REM	image	of	an	etched	quartz	grain,	d)	1029	
response	of	a	single	grain	of	quartz	to	green	laser	stimulation,	e)	response	of	etched	quartz	1030	
on	a	single	grain	disc	to	IR	diode	stimulation.	1031	
	 	1032	
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Fig.	1	1033	
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Fig.	2	1037	
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Fig.	S1	1059	
	1060	
	 	1061	
57	
	
Fig.	S2	1062	
	1063	
	 	1064	
58	
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